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Loop Resistance Tester 



This invention relates to loop resistance testing. 

5 US6225810 discloses a method of loop resistance testing for an electrical cable shield 
integrity monitoring system in which the shield is in connection witii a conducting 
structure or is connected to itself such that a closed electrical current loop is formed. A 
test AC signal generator is inductively coupled to the loop and a test or 'sense' wmdmg is 
claced on the loop, inductively coupled to measure tiie induced loop current. The 
1 0 disclosure is said to be an improvement on tiie disclosure of US5378992, but appears tp 
measure loop or joint resistance only to an accuracy of ±8%. This is perhaps good 
enough for testing integrity of cable shielding and joints, but tiiere is a need for making 
measurements to much greater accuracy. 

15 The present invention provides a metiiod and apparatiis for more accurately measuring 
loop resistance, which can, of course, measure cable shield integrity but which can also 
be used to measure the resistance of connections of bond wires connected at both ends to 
a metal structure. 

20 The invention comprises a metiiod for measuring loop resistance comprising: 

injecting into tiie loop through an inductive injection probe a sinusoidal drive 
signal at a given frequency to produce a predetermined current in the loop; 

25 measuring, by a test probe also inductively coupled to tiie loop, tiie tiue RMS 

drive signal voltage and uiduced current; and 

calculatmg the loop resistance from the measured RMS values. 

« 

30 The given frequency may be of the order of 1 kHz, generally higher tiian tiie 200 Hz 
frequency used in the methods disclosed in the above-cited references. 

The sinusoidal drive signal may be generated by a microcontroller using a digital to 
analogue converter, which may be configured to convert a microcontroller generated 0 - 
35 lOV signal to an output voltage in tiie range 0 - 200V. This may be supphed to tiie 
injection probe through audio amplifier means. 

Drive voltage and current may be measured using a commercially available multimeter 
card e g a PCMCIA digital multimeter card as supplied by National Listounents. 
40 Cun^ent ts measured across a burden resistor, which may have a resistance of lOa. The 
injection and test probes may have a tims ratio of 500:1 to 2000:1, preferably 1000:1 so 
that the,maximum value of the yoltage across the burden is of tiie order of ImV. 

Botii measurements may be made to a resolution of 5i4 digits or 21 bits, and the signals 
45 digitally filtered to accept only the given frequency. 



SucH a method can yield measurements, of loop resistahce to an accuracy well within 



The invention also comprises apparatus for measuring loop resistance 



comprising; 



10 loop 



sinusoidal drive signal generating means generating a sinusoidal drive signal at a 
given frequency; ^ 

an inductive injection probe adapted to inject said sinusoidal drive signal into the 



an inductive test probe adapted to measure the true RMS drive signal voltage and 
mduced current; and i vunagc cum 

v^ues^*""^ "^^^ ^""^ calculating the loop resistance from the measured RMS 
Said signal generating means may generate a signal at a frequency of the order of IkHz 

TZZ f ^'^^ *° "^^^^ converter. The digital to analogue converter 

may be configured to convert a 0 - lOV signal to an output voltage in the ra^e 0 - 200V 

P^be":.Tt^e?-Sv^^^^^^^ "'^^ "^'^ -PP^^ 

25 The apparatus may incorporate a multimeter for measuring drive voltage and/or current 
A burden resistor may be included across which current is measured. Inch resistoTSav" 
have a nominal resistance of 1 OQ. fCMsior may 

30 WOO^l^°LTi ^ ^""^ ^ °^ ^"^^^ 500:1 and 2000:1, say 

order of I rnV -^ "^"^^ ''"^^ "^^^'^^^ ^"^^^^ r^^i^^^ i« of the 

• o~giv^-4:e^r ' '^'^'^ "^''^ *° "^'^^ ^^^^ *° ^-^P^ 

35 rlfeT^e to *e Zr^*"' measuring loop resistance will now be described with 
J 3 rererence to the accompanymg drawmg, of which; 

Figure 1 is a block diagram: 

Figure 2 is a diagrammatic Ulustration of a method for making a reference loop for 
. cahbration purposes; and ^ 

Figure 3 . is a diagrammatic illustration of a resistive . loop standard providing a 

range ofstandard resistances of high accuracy. -t- .-^ s 

45 Figure 1 Ulustrates apparatus for measuring loop resistance comprising: 



sinusoidal signal generating means 1 1 generating a sinusoidal signal at a given 
frequency; 

an inductive injection probe 12 adapted to inject said sinusoidal drive signal into 
the loop 13; 

an inductive test probe 14 adapted to measure the true FMS drive voltage and 
induced current; and 

calculating means 15 for calculating the loop resistance from the measured RMS 
values. 

The sinusoidal drive signal generating means 11 comprise a crystal conttoUed sine wave 
lonZor, generating a signal with a frequency of 1 kHz The sme wave generator 
Comprises a PIC microconfroUer generating a digital signal, converted to an analogue 
signS by a digital to analogue converter 16, configured to allow a signal selected wittun 
the range 0 - lOV to be applied to the converter 16 allowing an audio amplifier 17 to 
control the output voltage to the probe to be in the range 0 - 200V, though m practice a 
maximum of 50V is usually sufficient for the measurement.. The sine wave has some 
distortion at the crossover point, but this does not affect the measurement. 

A control arrangement 18 controls the system until an induced current of lA is flowing in 
the loop 13. 

The injection probe 12 is a coil which is placed in inductive relationship with the loop 13 
normally surrounding a part of it. The test probe 14 is also a coil, the coils 12 and 14 
having a turns ratio of 1000:1, so that a IV signal fed in by the injection coil 12 produces 
a ImV signal in the test coil 14. 

The drive voltage and current measurements are made using a PCMCIA digital 
multimeter card suppUed by National Instruments, incorporated m- the calculatuig 
means 15, the current bemg measured across a lOQ. burden resistor 18. Both 
measurements are made to a resolution of 5>/. digits, or 21 bits, and the signals digitally 
filtered in the calculating means 1 5 to accept only the 1 kHz frequency. 

The arrangement is scalable and wiU measure higher and lower resistances, depending on 
the probe turns ratio, injection voltage and induced current 

One advantage over prior art arrangements for measuring loop resistance is that the 
probes can be small, facilitatuig access to restricted spaces. Another advantage is the 
substantially improved accuracy with which the measurement can be ettected 
Measmement of loop resistance to within ±1% is easUy achieved, as compared to ±b /o 
for the best prior art method, commonly used in the aircraft industry for cable stueia 
integrity monitoring and other measurements. 
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The armigement IS so accurate that a problem has been experienced in finding a method 
of calibration. The National Physical Laboratory does not have test loops of known 
resistance. However; as an ancillary invention to the present invention, which is 
nonetheless independent of it, there is provided a method for providing a reference loop 
ot accurately known resistance, comprising the steps of: • 

making a loop of nominal resistance; and 

measuring the loop resistance by: 

makmg electrical contact with said loop at a first contact position; 

making electrical contact with said loop at a second position approxunately 180° 
around said loop; j »v 

measuring the resistance of said loop between the contacts; 



altering the position of the second contact point until the measured resistance i 
maximum; and 



is a 



calculating the loop resistance to be four times the maximum measured resistance. 
The resistance may be measured in a Wheatstone bridge arrangement. 
25 Figure 2 illustrates this method. 

A first contact is made on a reference loop 21 of nominal resistance at a first position 22 
.on said loop 21. A second contact is made at a second position 23 using a flying lead 24 
tiiat can be adjusted m position. A known current is applied, and the resistance between 
the two con acts is measi^ed. The position of the flying lead 24 is adjusted around the 
vZ^fl J^! measured resistance is a maximum. The measurement is made using a 
Wheatstone bndge arrangement 25. The resistance around the loop is then calculated to 
be four times tiie maxunum measured resistance on tiie basis that when the measured 
resist^ce is a maxnnum, the resistances of the two arcs of the loop between tiie first and 
second positions are equal (say, to 2R), tiie measured resistance tiian being R the loop 
resistance then being 4R. ^ ' °P 



■ 45 



S"^. i T*"^*^' ^ multi-value resistive loop standard 31. In order to vcxify and 
calibrate the loop resistance test equipment, it is necessary to check tiie measured values 
STh l^"^?^ Z of multiple sub-loops at points 32, 33, 

l^tl 'iV ?S ^° "^^^ ""^^^ resistances known to tiie same accuracy as tiie 
mam loop 31. This means that it is possible to create resistance loops wiflr resistance 

impossible to achieve through any other method. 
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The loop 31 is formed &om insulated wire, from which the insulation has been removed 
at positions 22, 24. At points 32, 33, the wire is sub-looped once. At pomts 34, 35, it is 
sub-looped twice. 

Using the injection and current measuring positions 36, 37 the resistance . can be 
measured as above described when the induced current is set say, to 1 amp. If the 
current measuring clamp is now moved to position 32, two conductors will pass through 
the clamp. If the system adjusts the injected voltage so that the required current of 1 amp 
stiU passes throu^ the clamp, each conductor wiU be carrying 0.5 amps. 

The system assumes that 1 amp is flowing through the total loop resistan<^ and 
calculates the resistance accordingly. However, the voltage reqmred to mduce 0.5 amps 
to flow is half that required to induce 1 amp to flow and therefore the measured resistance 
is exactly half of the total loop resistance. Exactly the same thmg happens if the injection 
clamp sees two conductors and the current measuring clamp sees only one. 

If the current measuring clamp is now moved to position 34, teee conductors will pass 
through the clamp, carrying a total of 1 amp, each conductor, therefore, cairymg % arnp 
tSusL system assumes that 1 amp is flowing through the total loop resistance, and the 
measured resistance is calculated at exactly one third of the total loop resistance. 

By putting the injection clamp at position 33 and the current measuring clamp at position 
34 title resistance is calculated as one sixth of the total loop resistance and by putting Ihe 
clamps at positions 34 and 35, the measured resistance is one mnth of the total loop 
resistance. 

The table shows the exact resistance ratios available usmg the loop shown in Figure 3. 
Sy d^ired number of sub-loops can be added to give virtual loops of smaller 

resistances. 



Iniection clamp position 


Current clamp position 


Resistance value measured 


Position 36 


Position 37 


Total loop resistance R " 


Position 36 


Position 32 


R/2 


Position 36 


Position 34 


R/3 


Position 32 


Position 33 


R/4 


Position 33 


Position 34 


R/6 


Position 34 


Position 35 
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Claims: 
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A method for measuring loop resistance comprising: 

injecting into the loop through an inductive injection probe a sinusoidal drive 
signal at a given frequency to produce a predetermined current in the lo.op; 

measuring, by a test probe also inductively coupled to the loop, the true RMS 
dnve signal voltage and induced current; and 

calculating the loop resistance from the measured RMS values. 

A method accordmg to claiml, in which the given frequency is of the order of 
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3 A method according to claim 1 or claim 2, in which the sinusoidal signal is 
generated by a microcontroller using a digital to analogue converter. 

on • ^ ^^f^od according to claim 3, in which the converter is configured to convert 
20 microcontroller generated 0 - 1 0 V signal to an output voltage in the range 0 200 V. 

^ lu • ^ ^^^"'^ according to claim 3 or claim 4, in which the output voltage is supplied 
to the mjectiQn probe through audio amplifier.means. 

25 6 A method according to any one of claims 1 to 5, in which drive signal voltage and 
mduced current are measured using a multimeter arrangement. 
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7 A method according to any one of claims 1 to 6, in which cun-ent is measured 
across a burden resistor. ^^a^uicu. 

8 A method according to claim 7, in which the burden resistor has a value of 1 OQ. 

9 A method according to any one of claims 1 to 8, in which the injection and test 
probes have a turns ratio of 1 000 : 1 . j onu cest 

10 A method according to any one of claims 1 to 9, in which measurements are made 
to a resolution of 5i4 digits or 2 1 bits. 



40 11^- rf'^^f^ according to any one of claims 1 to 10, in which the measured signals 
40 are digitally filtered to accept only the given frequency. 

12 Apparatus for measuring loop -resistance, comprising:- 

' . - sinusoidal drive signal generating means generating a sinusoidal drive signal at a 
45 given frequency; - . & at a 



an inductive injection probe adapted to inject said sinusoidal drive signal into the 
loop; 

an inductive test probe adapted to measure the true RMS drive signal voltage and 
induced current; and 

calculating means for calculating the loop resistance from the measured RMS 
values. 

13 Apparatus according to claim 12, in which the drive signal generating means 
generates a drive signal above 200 Hz. 

14 Apparatus according to 12 or claim 13, in which the drive signal generating 
means generates a drive signal at a frequency of the order of 1 kHz. 

15 Apparatus according to any one of claims 12 to 14, in which the drive signal 
generating means comprise a microcontroller witii a digital to analogue converter. 

16 Apparatus according to claim 15, in which the digital to analogue converter is 
configured to convert a 0 - lOV signal to an output voltage in the range 0 - 200V. 

17 Apparatus according to any one of claims 12 to 16, comprising audio amplifier 
means connected to supply the injection probe. 

1 8 Apparatus according to any one of claims 12 to 1 7, incorporating a multhneter Tor 
measuring drive voltage and/or induced cvirrent. 

19 Apparatus according to any one of claims 12 to 18, iticluding a burden resistor 
across which induced current is measured. 

20 Apparatus according to claim 19, in which the burden resistor has a value of lOQ. 

21 Apparatus according to any one of claims 12 to 20, in which the injection and test 
probes have a turns ratio of between 500:1 and 2000:1. 

22 ' Apparatus according to claim 21, in which the injection and test probes have a 

turns ratio of 1 000 : 1 . 

23 Apparatus according to any one of claims 12 to 22, comprising a digital filter to 
filter the signals to accept only the given frequency. 

24 A method for providing a reference loop of accurately known resistance, 
comprising the steps of: 

making a loop of nominal resistance; and 
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measuring the loop resistance by: 

making electrical contact with said loop at a first contact position; 
• ^'.So^ Z^' ^ '."^^ P"^"- ^Pr..t^^iy ,80- 

measiiring the resistance of said loop between the contacts- ' 
m^?u^^^df °" '"''"''^ "^^^ "'^^^'^ resistmoe is a 

calculating the loop resistance to be four times the maximum measured resistance. 

^L . ^ according to claim 24, in which the resistance is measured in a 

Wheatstone bndge arrangement. measurea m a 
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20 ?i.n;t.tf "^^^^^^ accordmg to claim 24 or claim 25, in which the loop has sub-loops 
2U tacilitatmg fractional loop resistances. ^ 

27 A reference loop of accurately known loop resistance made by a method 
according to any one ofclaims 25 to 27. ^ memoa 

?^ . A multi-value reference loop of known loop resistance having at least one sub- 
loop facitotmg measurement of fractional loop resistance by providC more Zi one 
current path through an injection probe and/or a test probe ' 
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Abstract 



There is disclosed a method and apparatus for measuring loop resistance by mjectmg 
into the loop through an inductive injection probe a sinusoidal drive signal at a given 
frequency, preferably of the order of 1 kHz, to produce a predetermmed current m the 
loop, measuring, by a test probe also inductively coupled to the loop, Ihe true RMS 
drive voltage signal and induced current, and calculating the loop resistance from the 
measured RMS values. Also disclosed is a method of providing a reference loop ot 
accurately known resistance, and a multi-value reference loop facihtatmg accurate 
measurement of fractional loop resistance. 
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